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FILTRATION PROCESSES, KITS AND DEVICES FOR ISOLATING PLASMIDS 



Background of the Invention 

Bacterial plasmids are double-stranded closed circular DNA molecules that 
10 range in size from Ikb to more than 200kb. They are found in a variety of bacterial species, 
where they behave as accessory genetic units that replicate and are inherited independently of 
the bacterial chromosome. Nevertheless, they rely on enzymes and proteins encoded by the 
host for their replication and transcription. Frequently, plasmids contain genes coding for 
enzymes that under certain circumstances in nature are advantageous to the bacterial host. 
1 5 Among the phenotypes conferred by plasmids are resistance to antibiotics; production of 
colicins and enterotoxins; and restriction and modification enzymes. 

Plasmids are useful tools in genetic engineering. They can be joined with 
fragments of foreign DNA in vitro to form chimeras that can be introduced into bacterial host 
20 cells; amplified and isolated or expressed (See for example, U.S. Patent Nos. 4,237,234; 
4,740,470 and 4,468,464 to Cohen et a/.). A variety of plasmids have been developed to 
perform specialized functions. For example, plasmids have been constructed with powerful 
promoters to generate large amounts of mRNA complementary to cloned sequences of 
foreign DNA and thereby express high levels of protein. 

25 

Various plasmids (e.g. pUC), cosmids and phagemids (e.g. pEMBL, pGEMA) 
are useful cloning vectors for initiating large scale sequencing projects (T. Maniatis, E.F. 
Fritsch and J. Sambrook (1982) Molecular Cloning. A Laboratory Manual. Cold Spring 
Harbor Laboratory, Cold Spring Harbor, NY.; Methods in Enzvmoloev. Vol. 101 (1983), 
30 Recombinant DNA, Part C; Vol. 153 (1987), Recombinant DNA, Part D; Vol. 154 (1987), 

Recombinant DNA, Part E; Vol. 155 (1987), Recombinant DNA, Part F and Vol. 152(1987). 
Guide to Molecular Cloning Techniques, Academic Press, New York). These vectors 
accomodate cDNA or genomic libraries of large DNA fragments. 

3 5 However, the large DNA fragments generated typically can not be sequenced 



A-mcn are separately seuuencea. :n one apnroacn tnis is done in a iullv random manner nv 
using, for example, unspecific DNAse I digestion, frequently cutting restriction enzymes, or 
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sonification, and sorting by electrophoresis on agarose gels fMethods in Pmvm ^ ^ 
However, tins method is time-consuming and often not economical as several sequences are ' 
sequenced many times until a contiguous DNA sequence is obtained. Very often the 
expenditure of work to close the gaps of the total sequence is enormous. 

Several strategies have been proposed for sequencing lone DNA fragments in 
a non-random, Le. direct, way from one end through to the other (Methods of Fn: 1^, 

S?A S ' ^ * 351 ' 59 < ,9M * S " « al.USPatentNo.48^003^d 

PCT Apphcaaon WO 91/12341). However, none of these sequencing methods provide an 
a^tab* method of sequencing megabase DNA sequences in either a timely or economical 
manner The mam reason is that these methods all re] y on polyacrylamide gel electrophoresis 

(PAGE) as a central and key element 0 f tu- CV( H 



PCT patent application international publication number WO 94/16101 bv 
Koster describes DNA sequencing procedures, which utilize Sanger base-specific, chain 
^unanon reactions to generate from an unknown DNA molecule, nested fragments that are 
analyzed by mass spectrometry to determine the sequence of the unknown DNA. PCT patent 
applxcat.on mternational publication number WO 94/21822 by Koster describes sequencing 
tecimiques in which the mass of remaining nucleic acid molecules or the nucleotides 

^"T * ClCa ; ed ^ ^ eX ° nUC,eaSe « -alyzed by mass spectrometry to identify 

the unknown nucleic acid molecule. y 
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~™ u u ^ reStnCti ° n PrOVide ^ ***-*oa on an unknown DNA 

sequence, hybndization screening methods can reveal whether a particular sequence is 
present m an unknown DNA sequence and high throughput sequencing methods can provide 

T« hT TT Unkn ° Wn ^ ^ ° f *« -ethodobgies have not as 
been reahzed, One problem is that existing procedures for isolating plasmids from 

rZ" C PCTCd ^ CCnlrifilgation - d P— -g of single reaction 

rubes. Centrxfugauon, which is used to collect cells, remove cellular debris and yield the 
DNA by ethanol precipitation, can be done simultaneousiy only with a small number of 
samples. The handling of single reaction tubes is time-consuming and bears the risk of 
nnsplacmg samples. To circumvent these problems, methods for the purification of 
bactenophage M13 sequencing templates in 96-well microtiter (mt) plates have been 
developed (Smnh, V. (1990) DNA Sequence 73 . 7g; „ ^ 
Anal. Brochem. 201, 166-169). Microtiter fUter plates have a ,so JL* " ^ 
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A means to rapidly isolate large numbers of plasmid DNA from plasmid 
containing cells is needed, particularly for screening large numbers of clones (e.g. for 
mutations), performing restriction analyses of for performing high throughput DNA 
sequencing. 

Summar y of the Invention 

In general, the instant invention provides processes, kits and preferred devices 
for rapidly isolating large numbers of plasmid DNAs from plasmid containing cells. Once 
obtained, the isolated plasmid DNA can be analyzed by hybridization screening or restriction 
analysis. Alternatively the plasmid DNA can be sequenced. 

In one aspect, the invention features a process for isolating plasmid DNAs 
from plasmid containing cells by: a) filtering plasmid containing cells with a wash solution to 
disrupt the cell membrane and degrade RNA; b) incubating the plasmid containing cells with 
a lysis/denaturation solution to lyse the bacterial cells and denature nucleic acids; c) 
incubating the product of claim b with a renaturation solution for an appropriate period of 
time and at an appropriate temperature to yield a mixture containing dissolved plasmid DNA, 
insoluble clots of linear DNA and cellular debris; d) filtering the product of step c) to capture 
clots of linear DNA and cellular debris on a filter, and e) obtaining plasmid DNA from the 
filtrate. Preferably, plasmid DNA is obtained from the filtrate by precipitation and capture 
onto a filter. In addition, preferably the filtration steps are performed under vacuum or high 
pressure. Most preferably, the process is performed in a plurality of microliter wells, which 
are in contact with a regulatable vacuum or pressure source. By performing the process in a 
microliter plate arrangement, a number of different plasmid containing cell cultures can be 
processed simultaneously. Another advantage of a microliter plate arrangement is that 
plasmid containing cells can be grown in the microliter wells and directly processed. 

In another aspect, the invention features high throughput DNA sequencing 
methods. In one embodiment, the method comprises the steps of: a) cloning an unknown 
DNA sequence into a plasmid; b) filtering plasmid containing cells with a wash solution to 
disrupt the cell membrane and degrade RNA; c) incubating the plasmid containing cells with 
a lysis/denaturation solution to lyse the bacterial cells and denature linear DNA; d) renaturing 
the DNA to yield a mixture containing plasmid DNA, insoluble clots of linear DNA and 
35 cellular debris; e) filtering the product of step d) to capture cellular debris and the insoluble 
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In a third aspect, the invention features kits for rapidly isolating laree numbers 
of plasmids, for example for use in performing a high throughput DNA sequencing, 
restriction analysis or hybridization screening. 

5 In a final aspect, the invention features preferred filtration devices comprised 

of muitiwell, microtitre filter plates. Preferably the devices permit the retention of liquid in 
the wells during the desired incubation period followed by removal of the liquid from each 
well by filtration, preferably in association with a vacuum or pressure source. Also 
preferably, the device permits the analysis of filtrate without cross contarnination between 
10 wells. 

The instant invention allows simultaneous isolation of a large number of 
different plasmids. A key advantage of this procedure over prior art piasmid preparation 
procedures is the replacement of all centrifugation steps by filtration. The above and further 
features and advantages of the instant invention will become clearer from the following 
Detailed Description and Claims. 

Brief Descript ion of the F iir ii^ 

Figure 1 is a schematic representation of a filtration process for piasmid 
isolation. A) 0.35 ml of a stationary overnight culture are filled into each well of the 
microtiter (mt) filter plate. Culture medium is removed by suction into a waste trav under the 
mt filter plate. By repeating this step about 0.8 ml. overnight culture could be collected and 
filtrated per well. B) 0.1 ml of a wash solution are used to wash the pellet. C) The pellet is 
agitated and incubated with 0.1 ml of a lysis solution for about 5 minutes. After the addition 
of 0.075 of a salt solution, the mt filter plate is agitated and cooled for about 30 minutes D) 
The supernatant is filtrated into another mt filter plate positioned under the first one to collect 
the clear filtrate. Due to the presence of an alcohol in the wells of the lower positioned filter 
plate, the piasmid DNA is precipitated. E) The precipitated DNA is washed and the filtrates 
collected in a waste tray. F) The piasmid DNA on the filter is dried at room temperature for 
at least 5 minutes, dissolved in 0. 1 ml water and transferred by suction into a standard U- 
shaped mt plate and either processed for restriction and/or sequencing or covered with a 
plastic wrap and stored in a freezer. 

Figure 2 is a readout of the amount of DNA (pOM8 derivative) obtained in 
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Figure 3 15 a planar view of a filtration apparatus. 
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Figure 4 is a cross-sectional view of the apparatus depicted in Figure 3. 
^ Figure 5 is a detailed view of the filter element 22 shown in Figures 3 and 4. 

Detailed Description nf th> . inveminn 

The invenuon features processes, kits and preferred devices for rapidly 

0 ^f7»™ Ata I^«^cdh. Asusedhe^thetern^laLd" 
0 ^-losedcn^ 

ho*ce, separa^mmehostcellgenome. The term encompasses naturally occuring 
bactenal plastntds and derivatives thereof, recombinant piasmids. eeneticaHv ^*JL 
cosmids and episomes in prokaryotic or eukaryotic host cells. " ' ~~° 

In general, the novel process for isolating plasmid DNAs from plasmid 
cottoning lls mvoWes ±e foUowing ^ a) fihering ^ P 

cells Math a lysts/denaturatxon solution to lyse the bactenal cells and denature nucleic addT^ 
^ncubaung the product of claim b with a r^ on sol ^ m for ^ ^ ( 
tune -d at an appropriate temperature to yield a mixture containing diss!* plasmid DnI 

dote of r nNA 1 * ^ CClIuiar debris; d > filtering the product of step c^capmre 
dote of imear DNA and cellular debris on a filter, and e) obtaining plasmid DNA from I 

can be err ,° nC f yant28e PTOVided ^ * S ^ ProCCSS is ** P lasmid staining cells 

fTsIT , y m *" WC,1S ° f 3 Plate " b * plasmid yield 

for scrcemng large numbers of clones or for use in high throughput DNA sequencing 

tern 1 ^ ' " ^ ^ * *™* «*»»■ ^h aTLm 

temperature in a 0.25 - 1 mL well. 

Cells present in each well are then washed and filtered, preferably in a 

IZZ C , r,° r t0 diSR1Pt mCmbranCS and dC ^ de ™ A (See Figure 1). A 

Pearly useful wash solution contains an isotonic buffer (e.g. a Tris buffer; or „ or 

™ 7 3 ChClating ^ (C - g - ^^-unetetraacetic acid (EDTA) or 
(CDTA ) and an RNAse (e.g. RNAse A, RNAse B, RNAse C, RNAse Nl, RNAse Tl 



10 



15 



20 



25 



30 



35 



WO 97/08306 PCT/US96/13920 

-6- 

After the wash and filtration step, cells are lysed and linear DNA is denatured, 
preferably by incubation in an alkaline lysis solution at an appropriate temperature and for an 
appropriate period of time. As shown in the following example, thorough lysis and 
denaturarion can be accomplished by incubating cells in a sodium hydroxide, sodium dodecyl 
sulfate solution for about 5 to 10 minutes at room temperature. Optionally, more reactive 
reagents^ such as phenol and chloroform (equal volumes) may be included in the 
lysis/denaturation solution. 

A third, renaturation solution is then added and incubated to yield a mixture 
containing plasmid DNA. insoluble clots of linear DNA and cellular debris. A preferred 
process involves agitating the lysate in (e.g. KOAc, pH 4.8 and NaCl) and storing the rnixture 
for at least about 25-30 minutes, preferably at a cold temperature (e.g. at least at about -15° 
C). For example, storage can occur in a freezer set at -20°C or in ice. in which case the filter 
bottom may be covered, e.g. with aluminum foil. 

Clots of linear DNA and cell debris can then be removed by filtration and the 
clear filtrate containing dissolved plasmid DNA transferred to a second microliter filter plate 
prefilled with a solution (e.g. an alcohol) to precipitate the plasmid DNA. This second plate 
is preferably positioned directly under the first plate. 

The filtrate containing the plasmid DNA can then be analyzed or the DNA can 
optionally be dried and then redissolved (e.g. in water) or stored preferably in a freezer at 
about -20°C. 

In another aspect, the invention features processes for generating samples to 
be analyzed by a high throughput DNA sequencing method, such as mass spectrometry, 
preferably using matrix-assisted, laser desorption/ionization - time of flight (MALDI-TOF) or 
a MALDI-FT format. In one embodiment, the process comprises the steps of: a) cloning an 
unknown DNA sequence into a plasmid; b) filtering plasmid containing cells with a wash 
solution to disrupt the cell membrane and degrade RNA; c) incubating the plasmid containing 
cells with a lysis/denaturation solution to lyse the bacterial cells and denature linear DNA; d) 
renaturing the DNA to yield a mixture containing plasmid DNA. insoluble clots of linear 
DNA and cellular debris; c) filtering the product of step d) to capture cellular debris and the 
insoluble clots of linear DNA on a filter; f) obtaining plasmid DNA from the filtrate; and g) 
analyzing the plasmid DNA or nucleic acid fragments obtained from the plasm id DNA hv 



reicrreu oroceaures m r penorming ni^, spectrometry analyses ol nucleic 
acid fragments are described in PCT patent application international publication number WO 
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94/21822 also by Roster wtuch are fully incorponued by reference nerrir. 

TvtT « f T° OIer " SUC " * mCtaem =» 1,5 ^plished. for exampie, by 
tatafe*. of the untversu primer sequence ,„ a commentary ^ ^ ^ 

Immobilization can armm*.!;*.^ x- . . 

support and a —Wo acid ^ which is ^ contained 

hybnd^aon between the commentary nucieic acid „ M ^ 

oTsoribTT r ? ""^"-^ >— -I— » - b. preyed through!!* 

ZTd ™ . , mZymat " : d58rada,i0n h ™= "-"I Ability of 
ttie solid support-bouDdcapiure base sequence. saomryot 

via , reversible AlKn,a,iV t,' " """^ """^ C " n b ' dta< * ltaked » * *W°" 
™ . -vers.ble or ureversAie bond between an ^ 

™ ,trr r M ^ appropriate « - - ™,t*r : 

<TTa oho ^ T ^! S " ' " ' S deaVe " '"' dCT spectrometry 

fonned between relanveiy subie organic radicais). Furthermore, Iinkage „ ^ 
^ed «h V be mg a ouauemary ^ ta ^ ^ 

-*ee of so„d suppor, carries negadve charges wbich repe, Ae negative y cLed 
nucle,c acd backbone and thus facili-e tbe desorpnon recld f „ ,^1^ 

.iromoonore ' " •-usance wna UJC . 
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ru n , B T y0fe ^ le '^ L " L,Che ^^ teofa ^ ofdis ^bond 
(chemically cleavable, for example, by mercaptoethanol or dithioerythrol) a 

b-oun/s^eptavidin systen, . heterobifunctional derivative of a trityl ether group (Kssxer „ 
aL. A Versatile Ac.d-Labxle Linker for Modification of Synthetic Biomolecules," 
Tetrahedron f.cn^ 3L 7095 (1990)) which can be cleaved under mildly acidic conditions 
as well as under conditions of mass spectrometry, a levulinyl group cleavable under 
almost neutral conditions with a hydxazinium/acetate buffer, an arginine-areinine or 
^-- y^ bond cleavable by an -dopepdc^ enzyme lilce txypsm or a pyrophosphate 
bond cleavable by a pyrophosphatase. 

the^hvf fiU1Cti0naliti ^ L ^ L ' «» ^ form a charge transfer complex and " 

thereby form the temporary L-L' linkage. S,W in x.-«.u. - . 

~ — w«o W uit. uiiiirgc-cransrer band" 

eleL of l H ^ 1 969), the laser energy can be tuned to the corresponding" 

energy of the charge-transfer wavelength and, thus, a specific desorption off the solid 
support can be undated. Those skilled in the art will recognize that several combinations 
can serve tins purpose and that the donor functionality can be either on the solid supporter 
coupled to the nucleic acid molecule to be detected or vice versa. 

ho mo lvH ii ^ ^ an °* her ap P roach ' a reversible L-L' linkage can be generated by 
homolyttcaUy formmg relatively stable radical, Under the influence of the laser puL, 

^TZ ? K T Ve) " " i0DiZati0n ^ ^ * radical position. 

n^af H n ? " ""^ ^ ^ ° r8aniC «** - be - to- ^ that, 
m relauon to the dictation energies needed to homolyticallv cleave the bond between 

Wentrup, John Wiley & Sons, 1984). * 



acid molecular " " T 'T^" 3M ' ) ' SiS - " ^ "= ,0 " c °" d « i °"" 
^n^es. ft, * dec™,* to ^ energy for 



iucieic acia motecuie wun an nitn/iart,™ "~ -^ant: ^ 



■odoethanol, or U-epoxv-.-prop™,. ^ monothio phosphodjestcr ^ Qf a ^ 
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molecule can be transformed into a phosphotriester bond. Further conditioning involves 
incorporating nucleotides which reduce sensitivity for depurinarion (fragmentation during 
MS) such as N7- or N9-deazapurine nucleotides, or RNA building blocks or using 
oligonucleotide triesters or incorporating phosphorothioate functions which are alkylated or 
employing oligonucleotide rnimetics such as PNA. 

Prior to analysis by mass spectrometry, the nested nucleic acid fragments can 
be amplified to generate an appropriate quantity of a nucleic acid molecules on which to 
perform mass spectrometry. Examples of appropriate amplification procedures for use in the 
invention include: cloning (Sambrook et al., Molecular Cloning : A Laboratory Manual, Gold 
Spring Harbor Laboratory Press, 1989), polymerase chain reaction (PCR) (C.R. Newton and 
A. Graham, PCR, BIOS Publishers, 1994), ligase chain reaction (LCR) (F. Barany Proc. 
Nail Acad. Set USA 88, 189-93 (1991), strand displacement amplification (SDA) (G. 
Terrance Walker et al.. Nucleic Acids Res. 22, 2670-77 (1 994)) and variations such as RT- 
1 5 PCR, allele-specific amplification (ASA) etc. 

In a further aspect, the invention features kits for performing plasmid 
filtrations. For example, in one embodiment, the kit comprises: 1) a container of a cell 
growth medium; 2) a container of a cell wash solution; 3) a container of lysis/denaturation 
solution; 4) a container of renaturation solution; and 5)a container of a solution for 
precipitating DNA. 

The kit can also optionally include containers of reagents for performing 
further reactions on the isolated plasmid DNA. For example, the kit can include containers of 
restriction enzymes; DNA polymerases (e.g. DNA polymerase I (Holoenzvme), large 
fragment of DNA polymerase I (Klenow fragment), bacteriophage T 4 DNA polymerase, 
bacteriophage T 7 DNA polymerase, modified bacteriophage T 7 DNA polymerase, Taq DNA 
polymerase, reverse transcriptase (RNA-dependent and DNA-dependent) and terminal 
transferases); DNA-dependent DNA polymerase (bacteriophage SP6 and bacteriophage T7 
and T3 RNA polymerase); ligases (bacteriophage T 4 DNA ligase, E. coli DNA ligase, 
bacteriophage T 4 RNA ligase): kinases; methylases; phosphatases (e.g. alkaline 
phosphatase); and nucleases (e.g. nuclease BAL, nuclease SI, mung-bean nuclease, 
ribonucleases ( RNAse A, RNAse B. RNAse C, RNAse Nl, RNAse Tl, RNAse Ul or 
RNAse U2). exonuclease HI, bacteriophage X exonuclease. 
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aqueous buffer) and transferred by ^1'^! ^ ^ <** ^ or - 
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"""V* b0 ' Wm ° f ^ 16 ' b ■»«■«. 

receiving the plate element 12. The plate element 1 1 ™ > • , 

... »' uuc cie "ient i z can sit against the easket 4n fr.r fnr^.; 

an airtight seal upon the evacuation of air from the base elernl . « * TT 8 
18. m me 13336 element 1 6 through the vacuum port 

nucietc acids and proteins. The bottom ply of filter element T '"" "T? t ° , " : " y 
an impermeable Ouoropolym „ ^ . ^ £ ^L™' ^ 

Tins filter membrane 22 is preferably adapted , \ ^ PP "° 8 ,> ""' eni ' !S - 

^^a^avaenumpressnre^U.efilterapparamslO. »^a flM d, 
Z 17^' Cmh " ddalW "* ™»* «« « no. employed for reiving a sanL sj» 
tte a low press** B more easily tnaintained within me filter apparams , 0 

„ „ 10 UIsm P r cell membranes and deerade RNA r v 

apphcauon of a vacuum throueh Dort is ■> "cgraae kna. By 

«~ U i s drawn ■h^f^Z"^^ ^ " 
Wow the plate elemen, ,2 toLec, the «™ 1 L ^ " * My 

materia, is maintained within m = weU , 4 ^e ! T7« *™* d Cdta,ar 
.4 are lysed by incubation in a lysis ILHnte M ^ CC " S 

*. lysate and agitated and stored for ^^^^ "T" " ^ ^ » 
denatured proteins and rell ^ u PP ™ PnaXe Ume at the appropriate temperature. The 

me lower wells 28 which are men prefiL wTZho,^, * M ' Sfe,red " 

optionally agitated and filtered and waZ 21 a , ^ ."T^" " *" 

* - . wasnea with a cold aJcohoI solution. The filtrate 



WO 97/08306 

PCT/US96/I3920 

- 12- 



Comparison of Yield and Puritv of PIo.^.m nwir , 
10 L„ b or 3, . Qiag „ M,«H l!0h ' ed ^ « • » 

Materials and M»tt„»,fr 

Bacterial Strains and Plasmids 



15 



20 



25 



30 



broth (Miller J^I^T ^ XU " BIUe WCTe *™» * LB 

restriction site of pOM8. Clones 2C-2G and 3C 7c ^ ^ W " nd 

POM9 with fflwm fragments of XL " I " Mue " ,ls h " lbori '* 

iragments of Thermus aquaticus (T. aquaticus) genomic DNA. 



DNA Isolation 



35 



Restriction Analysis 

»m sepanwaf by eteroptaKis „ n a „ ' °° bro ™*"*"°' »M and Sinews 
molecular weigh, sttndJ II ^ ^ ^ 3 " ng,h SMdarf °NA 

bromide, PK t m T^l n(B ^^-)w as ^ i Afters^ mthclhidi „ m 



WO 97/08306 



- 13- 



PCT7US96/13920 



15 



Plasmid Sequencing 

Sequence analysis with internal 35$ label was carried out with the 
SequiTherm Cycle Sequencing Kit (Epicentre Technologies), 10 uCi [ 3 5sjdATP (NEN 
5 duPont), and the M 1 3 universal (-20) sequencing primer. 

Sequencing reaction for the automated sequencing was carried out with the 
Ready Reaction Dye Primer Cycle Sequencing Kit and the -21 Ml 3 Dye Primer (Applied 
Biosystems). The sequence was developed on a Model 373A DNA sequencer (Applied 
1 0 Biosystems). 

Plasmid Isolation by Filtration (Figure 1 ) 

If less than 96 samples were to be processed, the rerriaining wells of the mt 
filter plate (Eppendorf) were filled with 0.1 mL water. These wells could be reused in 
subsequent experiments. In each well of the mt filter plate with a maximal volume of 0.37 
mL, 0.35 mL of an £ coli overnight culture (about 10* cells) was filtered and washed with 
0.1 mL solution I (50 mM Tris-HCL P H8, 10 mM EDTA, 0.1 mg/ml RNase A) in the 
EVENT suction chambers (Eppendorf). The filtrates were collected in a waste tray in the 
suction chamber. By repeating this step 0.8 mL of an K coli overnight culture could be 
processed in each well. Applying larger volumes resulted in clogging of the membranes in 
the subsequent filtration steps after alkaline lysis. In the experiments described here, only a 
culture volume of up to 0.35 mL per well was employed. Lysis was achieved by incubation 
with 0.1 mL solution II (140 mM NaOH, 0.7% SDS) for 5 min at room temperature. After 
addition of ice-cold 0.075 mL solution III (2.25 M KOAc. pH 4.8, 0.56 M NaCl) the 
microliter plate was agitated vigorously and placed for 30 min on ice covered with aluminum 
foil, or stored for 30 min in a freezer at -20°C. Denatured proteins and cell debris were 
removed by filtration, and the clear filtrate was transferred by sucuon into a second mt filter 
plate prefilled with 0. 1 mL isopropanol per well. This second mt filter plate was positioned 
in the chamber right underneath the first one and the waste tray was replaced. After shaking 
30 the precipitated DNA was filtered and washed with 0.35 mL ice-cold 70% ethanol. and the 
filtrate was collected in the waste tray. The DNA was dried at room temperature for 5 min 
dissolved in 0.1 mL water, and transferred by suction into a standard microtiter plate, 
preferably with U-shaped bottom. The microtiter plate with 96 or less isolated plasmid 
DNAs was sealed with adhesive tape and stored in a freezer at -20°C. 
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isolated plasmid DNA in each well. Due to the RNase A contents in solution I. the RNA 
contamination in the samples processed by the filtration method was greatly reduced. In 
contrast, DNA isolated by the standard alkaline lysis procedure was contaminated with large 
amounts of RNA. 

Both complete precipitation and retention of the precipitated plasmid DNA on 
the membrane filter were crucial for this isolation procedure. To detect residual plasmid 
DNA in the filtrate after isopropanol precipitation, filtrates from single wells were collected 
in a standard mt filter plate and mixed in an Eppendorf tube with 1 mL ethanol and subjected 
to «ntrifugationfor20rnin at 15,000 g. The pellet was dissolved in 100 uL water and 19% 
was analyzed by agarose gel electrophoresis; only traces of plasmid DNA could be detected. 



Regarding plasmid DNA yields, the filtration method was compared with mini 
preparation in Eppendorf tubes and the use of Qiagen midi columns by isolating plasmid 
DNA from the same bacterial overnight culture starting with volumes of 0.35, 1.5, and 50 
mL, respectively. The Qiagen midi column was chosen to obtain sufficient amount of DNA 
for uv measurement. Since plasmid DNA isolated by the alkaline lysis method, was 
contaminated with proteins and residual RNA, and therefore could not be measured directly 
by its absorbance at 260 nm, the amount of isolated plasmid DNA was estimated by 
comparing band intensities on ethidium bromide stained gels according to the minigel 
method (Maniatis, T., Fritsch, E.F., and Sambrook, J. (1982) Molecular Cloning: A 
Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY). DNA 
aliquots derived from 35 uL culture (10% of total plasmid yield per well in 10 uL) were 
analyzed on a 1% agarose gel. The average yield with the pOM-derived multicopy plasmid 
25 was estimated to be 0.3 to 0.5 ug per well. 



30 



Restriction Analysis 

Ten microliters of the isolated plasmid DNA solution (i.e., 10% of a total yield 
per well) of pOM8BAP2 was incubated with the restriction enzymes £c 0 RI. Dral, and Pstl 
(Boehringer, Mannheim), mixed with loading buffer, and separated by agarose gel 
electrophoresis. The expected fragments were obtained. Degradation due to contamination 
wtth exonucleases was not observed. It is apparent that with the filtration method, no further 
purification step such as phenol/chloroform extraction was needed. Moreover, traces of 
residual RNA had no negative influence on the activity of restriction endonucleases and did 
35 not interfere with the detection of smaller DNA fragments on aearose eels An nddition,- 
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Bacterial Cultivation in mt Filter Plates 

Another advantage of the filtration method, is that the plasmid DNA 
preparation process could be initiated by growing the bacterial cells directly in the wells of 
the Eppendorf mt filter plate. The weils were filled with 0.35 mL of LB broth supplemented 
with ampicillin (100 ug/mL). E. coli clones harboring Hindm genomic fragments from T. 
aquaticus in pOM9 vector were inoculated with tooth-picks or pipet tips directly from an agar 
plate. The mt filter plates were incubated overnight at 37°C in an incubator. To avoid 
evaporation during incubation, the mt filter plates were placed in a plastic box containing a 
water reservoir. Alternatively, mt filter plates covered with a second mt filter plate filled - 
with water were incubated overnight at 37°C under shaking at 800 rpm on a thermomixer 
(Eppendorf). Both procedures worked comparably well. Plasmid DNA prepared from the 
clones grown in mt filter plates was found to be equal in amount and quality to the bacterial 
cultures grown separately in a standard incubator under shaking. 

For storage 5 uL aliquots of the bacterial clones from each of the 96 wells 
were transferred prior to filtration with a multichannel pipet into a standard mt plate 
containing 1 00 uL medium in each well. Sealed with Saran Wrap or adhesive tape, the 
clones could be stored for a couple of days at 4°C. 

Sequence Analysis with Internal Label in the Cycle Sequencing Reaction 
pOM9-derived plasmids with genomic HindlU fragments from T. aquaticus 
were analyzed. Ninety percent of the total yield from clone 3A was ethanol precipitated and 
dissolved in 4 uL water. The reaction mix was carried out as prescribed for the Sequitherm 
kit (Epicentre Technologies) with the M13 universal sequencing primer. The cycle program 
consisted of a denaturation step of 5 min at 95°C and 30 cycles each of 30 s at 95°C, 30s at 
40°C, and 60s at 70°C. The annealing step in the cycle (30s at 40°C) was important to obtain 
high quality sequencing results. 

The total reaction mixtures were run on a sequencing gel. The X-ray film was 
exposed overnight. The first lOOnt of the T. aquaticus sequence had a GC content of 58%. 

Automated Sequencing with the ABI373A DNA Sequencer 

The amount of plasmid DNA pOM8BAP2, obtained from a single well was 

used for DNA sequencing reactions. Following the standard protocol as described in the 

Readv Reaction Dve Prim^ Tvr'" i". • . ■ 
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Equivalents 



Those skilled in the art will recognize, or be able to ascertain using no more 
ro u^ne expenmentation, numerous equivalents to the specific procedures described 

iTel Tt Tn " COnSidCrcd 10 bC ^ ° f and are 

covered by the following claims. 
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Claims 

What is claimed is: 



1 . A filtration device comprising: 

a) a first plate having at least one first well, each of said first well 
having a first open end, a sidewalL and a second end, said second end 
containing a microporous membrane to allow filtrate to flow from the 
first well; and 

b) a second plate having at least one second well that is disposed to 
receive filtrate from said first well and each of said second well having 
a first open end, a side wall, and a second end containing a 
microporous membrane to allow filtrate to flow through; 

c) a base element that includes a vacuum connector for connecting to a 
pump element and to which the first plate and/or second plate can be 

removably mounted. 

2. A filtration device of claim 1, including a plurality of said wells. 

3- A filtration device of claim 1. wherein the pores of the membrane is 0.1-1 u 
m in diameter. 

4. A filtration device of claim 1, wherein a support plate is in connection with 
the base and is disposed below the filter membrane, said support plate 
including a central aperture adapted to allow filtrate to flow from said well. 

5. A filtration device of claim 1, wherein the microporous membrane is 
selected from the group consisting of: nitrocellulose, cellulose, cellulose 
acetate, polycarbonate, polyvinylidene fluoride and polysulfone. 

6. A filtration device of claim 1 , wherein the microporous membrane is 
functional i>ed 
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8. A filtration device of claim 1. the base element has a support post that 
holds the second plate. 

9. A filtration device of claim K which is further comprised of a waste tray 
element that is disposed along the bottom wall of the base. 

10. A filtration device of claim 1, wherein the first plate sits above a gasket 
ring that extends around the interior periphery of the base element and forms a 
shelf for receiving the first plate. 
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